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Abstract—Wind effects on very tall structures become critical for the design. The present code IS 875 (Part 3) 1987 which deals with
wind effects on structures is under revision. The proposed draft is under circulation. In this paper, the proposed draft is thoroughly
examined and compared with the existing code. Both the static and dynamic methods discussed in the code are used for analyzing the
multistory frames of 20 to 100 stories. The study includes the wind effects on structures located on the costal belt of the country as well
as in the interior part of the country. Based on the study, important conclusions and short comings in the existing code and proposed
draft are pointed out. Also the importance of dynamic method is studied and pointed out after a comparison with the static method.
Keywords- Static, Dynamic, Gust
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I.

INTRODUCTION

Wind is defined by its strength and direction of blowing.
High speed winds of short duration are called Gusts. Wind
engineering is relatively very young field and with the
growth in the construction of high rise structures its
importance is increased manifold. It analyses the effect of
wind in the natural and built environment and the damage
due to the wind. The knowledge of wind engineering is very
important in the design of tall buildings, electricity
transmission towers, etc. In structural design, predicting the
wind response of structures has become important due to the
sensitivity of such structures to wind loads. Wind tunnel
tests are used for predicting the response but reliable data
from full scale measurements are scarce.
Gabbai et al [3] presented a methodology for estimating
the aerodynamic damping that affects the along wind
response of tall buildings.
Davenport [2] discussed the response of structures to
gusty wind. The author discussed the response of small
point like structures to wind turbulence. Badruddin Ahmed
et al ]1] discussed the behaviour of self supporting towers
under the wind loads. The authors analysed some existing
towers and compared the results with the measured data.
The IS code [4] which discusses about the effect of wind
loads on the buildings and structures is under revision. The
proposed draft code [5] is under circulation. In this paper a
critical review of the proposed draft code is done. The
provisions of the proposed code are compared with the
present IS code. The draft code also discusses about the two

\methods the static method and dynamic response factor
method.
For the design of multistory frames dead load, live load and
wind loads are generally considered. In structures of normal
height, even up to 20 storey height, dead and live loads are
predominant. The wind loading effects are covered by the
increase of permissible stress recommended by the IS code.
Hence for the design of buildings of low to medium height
the wind effects are usually ignored, but for design of very
tall frames, a thorough study of the wind effects and
investigation of the criticality are very much necessary. This
is particularly important in regions where wind is more
critical than the earthquakes.
II.

STATIC METHOD

As per the proposed code the static method is modified to
take care of the structures subjected to cyclonic storms in
the coastal areas by incorporating the importance factor in
the static method. This is the primary deviation from the
existing code. Because of this for some structures in coastal
areas the wind pressures are increased.
To calculate the design wind pressure the proposed code
takes into account the wind directionality factor, area
averaging factor and combination factor which is not
mentioned in the present code.
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III.

DYNAMIC METHOD

In the proposed code the wind pressures on the structures
shall be multiplied with the dynamic response factor Cdyn
instead of the Gust factor used in the existing code. The
dynamic response factor is defined as the total load to mean
load, where as the gust factor is the ratio of peak load to
mean load. To calculate the parameters background factor,
size reduction factor, gust energy factor and measure of
turbulence length the present code has given the figures to
arrive at the values which is now replaced by the formula in
the proposed code.
IV. DETAILS OF PRESENT STUDY
In this paper tall multi storey frames of 20, 40, 60 and 100
stories of one and two bay are considered for analysis. To
study the effect of importance factor these frames are
considered to be located in Hyderabad and Vishakhapatnam.
The static method, gust factor method and the dynamic
response factor method are used to analyse the frames for
studying the variation in pressures using the existing code
and the proposed code.
V.

VARIATION OF STATIC PRESSURE WITH HEIGHT

A.

Static Pressures as per IS Code
The static wind pressures increases with the height.
In the case of 20 storey one bay frame located in Hyderabad
the pressure varies from 0.961kN/m2 at 3.5m height to
1.541kN/m2 at a height of 70m.The variation is about 60%
from bottom to top for both one bay and two bay frames.
This variation is 83%, 96% and 110% for 40, 60 and 100
storey for one and two bay frames.
In the case of 20 storey one bay frame located in
Vishakhapatnam the pressure varies from 1.242kN/m2 at
3.5m height to 1.990kN/m2 at a height of 70m.The variation
is about 60% from bottom to top for both one bay and two
bay frames. This variation is 83%, 96% and 110% for 40, 60
and 100 storey for one and two bay frames.
Static Pressures as per Proposed Draft
The static wind pressures computed as per proposed
draft for Hyderabad station do not vary with IS code. This is
because the factor K4 is to be considered for coastal areas of
the country.
In the case of 20 storey one bay frame located in
Vishakhapatnam the design wind pressure varies from
2.099kN/m2 at 3.5m height to 3.364kN/m2 at a height of
70m. The variation is about 60% from bottom to top for
both one bay and two bay frames. This variation is 83%,
96% and 110% for 40, 60 and 100 storey for one and two
bay frames.

C.

Comparision of Static Pressures as per IS code and
Proposed Draft
As per the draft code [5], importance factor for the
cyclonic region k4 is introduced in the formula for the design
wind speed. This factor accounts for the cyclonic region.
Also to calculate the design wind pressures various
modifications through factors like wind directionality factor,
area averaging factor and combination factors are
introduced.
Because of these factors the design wind pressures
computed as per the draft code are more than those obtained
as per existing code. As Hyderabad falls under non-cyclonic
region, the factor k4 is taken as 1.0. Hence there is no
difference in the design static wind pressure as per I.S Code
and the Proposed Draft.
For Cyclonic regions like Vishakhapatnam the
importance factor k4 for structures of post cyclonic
importance is taken as 1.30. So the design static wind
pressure for 20storied one bay and two bay frames as per
draft code is 3.364kN/m2 and as per existing code the
pressure is 1.990kN/m2. The variation is 69%. Similarly for
40, 60 and 100 storied one bay and two bay frames located
in Vishakhapatnam the variation is 69%. This variation is
shown in “Fig. 1”.

Fig 1. Variation of Static Wind Pressures with height
for various frames located at Visakhapatnam

VI.

B.

GUST METHOD

A.

Effect of Fundamental Frequency of Structres
For accurate analysis, it is necessary to conduct
frequency analysis of the frame and determine the exact
value of the fundamental frequency, rather than using
approximate formula given in IS code and proposed draft. In
the present analysis, both approximate as well as computed
frequencies are used.
It can be seen that for different frames ranging
from 20 to 100 storey the approximate fundamental
frequency varies from 0.5 to 0.1cps. The computed value
varies from 0.252 to 0.019 cps for one bay. Similarly in case
of two bays the approximate value remains same, whereas
the computed value varies from 0.273 to 0.027 cps. There is
vast difference between the approximate and computed
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frequencies in the case of single and two bay frames. While
using the Gust Effectiveness Factor method as per existing
code or Dynamic Response Factor method as per proposed
draft code, for computing gust pressures, it is necessary to
investigate the resonance effect on the basis of computed
frequency.
B.

Background Effect on Gust Factor
As per IS code the Background factor for a frame is
constant throughout its height. But the value decreases with
increase in the height of the frame. The background factor
decreases by 24% from 20 storied to 100 storied frames.
But as per proposed draft, the Background factor is
varying with height for a given frame. The background
factor increases with increase in height of the frame. The
Background factor is increasing by about 7% from 20
storied frames to 100 storied frames. The variation of
background factor with height for one bay frame for
Vishakhapatnam station is shown in “Fig. 2”.
C.

Effect of Resonance Component (SE/β) on Gust
Effectiveness Factor
The resonance component is given by "SE/β", as the
damping coefficient "β" is constant, the resonance mainly
depends on the size reduction factor "S" and available
energy at the fundamental frequency given by "E".

Fig 2. Variation of Background Factor with the Height
for One Bay Frame in Visakhapatnam

D.

Effect of Size Reduction Factor
As per the IS code, the size reduction factor (S)
depends on the reduced frequency (F0) for a given λ value
for a given building. The reduced frequency decreases with
the increase in the height of the building and as a result the
size reduction factor increases with the height of building
for one and two bay frames for both Hyderabad and
Vishakhapatnam.
As per the proposed draft the size reduction factor (S)
depends on the first mode natural frequency of vibration of
a structure (f0) and design wind speed at any height (Vh).
For calculating the size reduction factor an empirical
formula is given by the draft code. The size reduction factor
increases with the height of building and decreases with
increase in breadth of the structure for frames located in
Hyderabad and Vishakhapatnam.

E.

Influence of Spectral Energy
The gust effectiveness factor mainly takes into account
the interaction of the wind with the structure. The
atmospheric wind is fluctuating and its nature is described
by a mean spectrum. The IS code has adopted the wind
spectrum. The mean spectrum gives the energy content with
respect to the fundamental frequency. It can be seen that as
the building height increases the energy content also
increases and decreases with increase in the breadth of the
structure.
The draft code has adopted an empirical formula for
calculating the energy factor. This factor depends on the
reduced frequency. As the building height increases the
energy factor E increases. But for 100 storied building when
the fundamental frequency is very less the energy factor is
decreasing after some height.
F.

Contribution of Resonance
By taking into account the size reduction factor and
energy content the resonance effect (SE/β) is computed. As
per the code the resonance factor (SE/β) increases with the
height of the building for frames located in Hyderabad and
Vishakhapatnam. But the resonance factor for a given frame
is constant along the height. In the case of 20 storey frame
in Vishakhapatnam the resonance factor is 2.65 and 2.06 on
the basis of computed frequencies for one and two bay
frames respectively.
Similarly in the case of 100 storey building the
respective values are 9.37 and 8.09. Hence it can be seen
that in general SE/β increases with the height of the
building as shown in “Fig 3”. This is because of the
change in the values of the fundamental frequency.
As per draft code it is seen for both the stations, the
resonance factor (SE/β) increases with the height of the
building. But, in a given frame the resonance factor
varies with the height of the frame which is a constant as
per existing code. In the case of 20 storey frame in
Vishakhapatnam the resonance factor is 1.72 and 1.40 on
the basis of computed frequencies for one and two bays
respectively. Similarly in the case of 100 storey building
the respective values are 6.25 and 6.19. Hence it can be
seen that in general SE/β increases with the height of the
building. This is because of the change in the values of
the fundamental frequency.
It is observed that for one and two bays the
frequency values are not much different. But there is
significant difference between the values of SE/β for one
and two bays on the basis of computed frequency for
frames of different height.
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For calculating peak factor for resonant response a
formula is given by the draft code, which depends on the
natural frequency of vibration of the frame. As the value of
the natural frequency decreases with the height, the peak
factor for resonant response decreases with the increase in
the height of the frame.
H.

Fig 3. Variation of Resonant Factor with the Height
for One and Two Bay Frames for Visakhapatnam as per IS code

Height Factor for Resonant Response
The draft code has considered the effect of height on the
resonant response by introducing a height factor (Hs). For
calculating this a formula is given. As the height of the
frame increases the height factor for resonant response also
increases. There is no height factor as per the existing code.
I.

Variation of Gust Factor with Height of Buildings
As per the I.S. Code, Gust Factor decreases with the
height of building. For example, the gust factor is 3.26 for
the 20 storey building with one bay and the value becomes
3.04 for the 100-storey building. This clearly indicates that
as the building height increases its flexibility also increases.
The fundamental frequencies decrease and the overall Gust
Factor decreases. Also with the increase in the width of the
frame the Gust factor decreases because of the increase in
frequency.
J.

Fig 4. Variation of Resonant Factor with Height
for One and Two Bay Frames for Visakhapatnam as per Proposed Draft

G.

Influence of peak and Roughness Factor on Gust
Factor

As per the IS code the gust effectiveness factor is
computed as equal to the mean value plus the effect of
overall fluctuation. The fluctuation part is computed by
combining the background and resonance effect with gfr. gfr
combines gf with r, gf is termed as the peak factor defined as
the ratio of the expected peak value to a root mean square
value of the fluctuating pressure.
r takes into account the ground roughness and the size of
the structure. The values gfr are given in Fig: 8 of IS code. It
is clear that as the building height increases, the value of gfr
decreases for frames located in Hyderabad and
Vishakhapatnam. This is due to the decrease in the wind
turbulence as the height increases and the influence of
ground roughness becomes smaller.
The dynamic response factor is computed as equal to the
mean value plus the effect of overall fluctuation. The
fluctuation part is computed by combining the background
factor with peak factor (gv) for the upwind velocity and
resonance effect with peak factor for resonant response (gR).
The peak factor (gv) for upwind velocity is given a constant
value of 3.5.

Variation of DyanmicResponse Factor with Height
As per draft code, the dynamic response factor increases
with the height of the frame. This is because of the height
factor and the peak factor for the resonant response. The
dynamic response factor for the 20 storey one bay and two
bay frame in Hyderabad is 1.42 and 1.32.The same values
for 100 storey frame in Hyderabad are 1.90 and 1.39
respectively. The corresponding values for Vishakhapatnam
are 1.93 and 1.44 respectively.
K. Comaparision of
Gust Factor and Dynamic
Response Factor
The Gust factor decreases with the increase in the
height of the frame whereas the dynamic response factor
is increasing with the height. As the height increases the
frame becomes flexible and the fundamental frequency
decreases. As the fundamental frequency decreases gust
factor decreases.
The dynamic response factor which is the ratio of
total load to the mean load is affected by the increase in
the slowly varying background component of the
fluctuating response as a result the dynamic response
factor is increasing with height.
L. Variation of Gust Pressure with Height
Gust Pressures increase with height in the case of
multistory frames of different heights. To calculate these
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pressures computer program has been written for both
static method and gust factor method.
For 20 storied frame in Hyderabad the gust pressure
increases from 0.946 kN/m2 to 2.051kN/m2 for one bay
frame and from 0.903kN/m2 to 1.956kN/m2 for two bay
frame. The increase in pressure is 117% over a height of
3.5m to 70m for 20 storied frame in Hyderabad. The
same variation is found in case of Vishakhapatnam also.
In the case of 100 storey frame in Hyderabad and
Vishakhapatnam, the increase in gust pressures is 261%
and 260% over a height of 350 m. Hence, it is clear that
the gust pressures increase with height of the frames. The
increase becomes considerable and may even become
critical in the case of very tall buildings.
As per proposed draft, for 20 storied frame in
Hyderabad the Gust Pressures as per Dynamic Response
Factor Method, increases from 1.015kN/m2 to
2.190kN/m2 for one bay and from 0.967kN/m2 to
2.045kN/m2 for two bay. The increase in pressure is
111% over a height of 3.5m to 70m for 20 storied frame
in Hyderabad. The same variation in case of
Vishakhapatnam is found to be 121%.
In the case of 100 storey frame in Hyderabad and
Vishakhapatnam, the increase in Gust Pressures is 179%
and 171% over a height of 350 m.

In the case of 20 storied one bay frame in
Vishakhapatnam the Gust Pressure as per I.S. Code is
2.817kN/m2 and as per proposed draft is 5.550kN/m2.
The difference is 97%. Similarly the difference in Gust
Pressures in the case of 40, 60 and 100 stories is 130%,
124% and 103% .This is because of the importance factor
introduced in the formula for cyclonic regions and also
because of the empirical formula used for calculating
various dynamic parameters instead the figures used
earlier. The variation in gust pressures for a typical 60
storied frame in Vishakhapatnam is shown in”Fig.6”.

M. Comparision of Gust Pressures as per IS code and
Proposed Draft.
The Gust Pressures increases with the height by
either Gust Effectiveness Factor Method or the Dynamic
Response Factor Method. In the case of 20 storied one
bay frame in Hyderabad the Gust pressure as per IS
Code is 2.051kN/m2 and as per proposed draft is
2.190kN/m2. The difference is 7%. Similarly the
difference in Gust Pressures in the case of 40, 60 and
100 stories is 26%, 24% and 21%. Thus as per the
proposed draft the Gust pressures are higher. This is
because the terrain and roughness factor has been
increased. The variation in gust pressures for a typical 60
storied frame is shown in “Fig 5”.

N. Comparision of Static and Gust Pressures as per IS
code and Proposed Draft.
As per IS code in case of 20 storied frame in
Hyderabad the static and gust pressure at the top are
1.541 kN/m2 and 2.051 kN/m2 for one bay. The gust
pressure is more than static pressure by 33%. Similarly
for 100 storied frame the difference is 36%.
In the case of 20 storied frame in Vishakhapatnam
the Static and Gust pressure at the top are 1.99kN/m2
and 2.817kN/m2 for one bay. The Gust pressure is more
than static pressure by 42%. Similarly for 100 storied
frame the difference is 61%. The variation is shown in “
Fig.7”.
As per proposed draft in the case of 20 storied
frame in Hyderabad the Static and Gust pressure at the
top are 1.541kN/m2 and 2.190kN/m2 for one bay. The
Gust pressure is more than static pressure by 42%.
Similarly for 100 storied frame the difference is 91%.
Hence for safe design the Gust Pressures are to be
considered in the design.
In the case of 20 storied frame in Vishakhapatnam
the Static and Gust pressure at the top are 3.364kN/m2
and 5.550kN/m2 for one bay. The Gust pressure is more
than static pressure by 65%. Similarly for 100 storied
frame the difference is 93%.

Fig 6.Variation of gust pressures with height for 60 storey frame
in Vishakhapatnam

Fig 5.Variation of gust pressures with height for 60 storey frame
in Hyderabad
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•

Fig 7. Variation of static pressure and gust pressure with height for one
bay frame in Vishakhapatnam as per I.S code.

•

Fig 8. Variation of static pressure and gust pressure with height for one
bay frame in Vishakhapatnam as per proposed draft.

VII. CONLUSIONS
•

•

•

In the static method a new variable is introduced
called importance factor. This factor is useful in the
cyclonic regions. So the static pressures in the
coastal regions of the country calculated by the
proposed draft are more compared to the existing
code. This is because of the effect of the
importance factor, but the basis of this factor is not
mentioned in the draft.
The background factor remains same for a
particular frame along its height as per the code.
But as per the proposed draft the background factor
varies along the height of the frame. This is
because the draft considers the effect at every level
along the height of the frame.
The background factor decreases with increase in
the height of the frame as per the code. This is
because of increase in the L(h) value as the height
of the frame increases. Due to this increase in L(h)
value the ratio

•

•

•

is also increasing with the
•

height of frame and the curve for is steeply
falling. But as per the proposed draft the
background factor increases with the increase in
the height of the frame. This is due to the increase
in the L(h).
The background factor is independent of the
breadth of the structure as per the code. As per the
proposed draft the background factor decreases due
to increase in the breadth of the structure.

•

The size reduction factor as per the existing code is
constant for a given frame. But it increases with
increase in the height of the frame. This is because
with the increase in the height of the frame the
frequency decreases and as a result the reduced
frequency decreases. With the decrease in the
reduced frequency the size reduction factor
increases. The size reduction factor as per the draft
is increasing along the height of the given frame.
Also it increases with the height of the frame. This
is because with the increase in the height of the
frame the frequency decreases as a result the size
reduction factor increases.
The gust energy factor increases with increase in
the height of the frame as per the code. This is
because the natural frequency of frame decreases
with the increase in the height of the frame. Due to
this the gust energy factor is increasing. Also the
gust energy factor is decreasing with the increase
in breadth of the structure. This is because of the
increase in the natural frequency of the frame. As
per the proposed draft the gust energy factor is
increasing along the height of the given frame.
Also it increases with the increase in the height of
the frame. This is because the natural frequency of
frame decreases with the increase in the height of
the frame and the reduced frequency decreases.
Also the gust energy factor is decreasing with the
increase breadth of the structure. This is because of
the increase in the reduced frequency of the frame.
The resonance factor is increasing with the increase
in the height of the building as per the code and
draft. But as per the code the resonance factor is
constant along the height of the given frame and
thus is increasing with height as per the revised
draft. This is because the draft considers the action
at every level of the frame.
The value of gfr as per the existing code decreases
with increase in the height of the frame. Because as
the height increases the effect of ground roughness
decreases. The peak factor for resonant response is
decreasing with height because the first mode
natural frequency of vibration is decreasing with the
height.
The gust factor decreases with the height because as
the height of the frame increases the fundamental
frequency decreases. The dynamic response factor
increases with height. This is because of the
increase in the slowly varying background
component of the fluctuating response.
The gust pressures computed using draft are more
compared to the present IS code because of the
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introduction of the importance factor and the
change in the terrain roughness and height factors.
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